The aim of the study was to compare densitometric and geometric parameters of the proximal phalanges in forelimbs of Warmblood and Coldblood horses, at 15%, 50%, and 85% of the bone proximal length. Peripheral quantitative computed tomography was used to analyse the structure of phalanges. The following parameters were determined: bone mineral content, volumetric bone mineral density, total bone area, trabecular area, cortical area, cortical thickness, periosteal circumference, endocortical circumference, and strength strain index. The most significant differences between pastern bones in thoracic limbs of the horses were visible in the proximal and distal metaphyseal parts, for instance. at 15% and 85% of the bone length, respectively. Statistical analysis showed that at 15% of the bone length, total bone area, trabecular area, periosteal circumference, and endocortical circumference were significantly higher in Warmblood horses. At the mid-shaft, volumetric bone mineral density and endocortical circumference were significantly higher in Coldblood horses. At 85% of the bone length, volumetric bone mineral density, total bone area, trabecular area, periosteal circumference, and endocortical circumference were significantly higher in Coldblood horses..
In the recent years, most research on the limb long bones in horses has been conducted mainly to determine the influence of physical exercise, sex, age, and diet on bone parameters, particularly densitometric parametres (8, 9, 16, 17, 21) . According to the authors' knowledge, no research has been yet conducted analysing the correlation between the densitometric and geometric parameters of proximal phalanges and morphological type of horses. The correlation between bone densitometric parameters and the race has been already analysed in people and it appeared to be strong (10, 11) . It turned out that black people presented fairly significantly higher values of bone mineral density (BMD) compared to the mean value of this parameter in white people (10) . It turns out that depending on the race, especially during puberty, significant changes in the amount of retained calcium occur. In black girls, this may lead to increased bone density in adulthood compared to adult white women (1) . Most reports indicate that the BMD values in human population differ significantly also between various ethnic groups, and so, these values are the highest in Afro-Americans and the lowest in Asians (10, 19) .
In human medicine, bone tissue is usually assessed by means of densitometric methods. They are used to measure bone density in a given section of the skeleton based on the measurement of the amount of Xray radiation absorbed by the bone tissue. However, these methods also have disadvantages. According to the laws of physics, bone density should be determined in reference to volume and computed as mass per volume. What needs to be measured is not only the area easily accessible with all methods but also bone thickness in the measured section. Another disadvantage of densitometric methods is that they cannot be used to assess the spatial architecture of bone trabecules. The spatial architecture of the trabecules, apart from the mineralisation level, determines bone tissue resistance (2) .
Quantitative computed tomography is a method used for making measurements of bone density. It also provides full information on the geometry of the skeleton section assessed. Unfortunately, such analyses in animals are extremely expensive. In horses, they are also technically difficult to conduct. Therefore, the method is still rarely used. The present research has been conducted on isolated bones with the use of the peripheral quantitative computed tomography, which allowed for a detailed comparative analysis of both densitometric and geometric parameters of pastern bones in Warmblood and Coldblood horses.
Material and Methods
The research material comprised left proximal phalanges isolated from thoracic limbs of 30 horses aged 4-12 years. None of the animals presented anomalies concerning the pastern bones, which had been stated intravitally, and their slaughtering or death were not the result of any diseases. Before slaughter, or during visual inspection in the case of dead animals, morphological description was prepared based on the constitutional type of the horses. Each horse, according to its physical constitution, represented one of the following types: Warmblood horses (dolichomorphic type or light) and Coldblood horses (brachymorphic type or heavy) (4, 14) . Eleven Warmblood (W) horses, Polish Halfbred horses were represented by a warmblood breed crossed with thoroughbreds and used for sports purposes. Nineteen Coldblood (C) horses were represented by Polish Coldblood horses, which are mainly used as draft animals.
Following the visual inspection, autopodia in thoracic limbs were dissected in order to isolate the proximal phalanges from the soft tissues. After isolating, the bones were marked, placed in air-tight plastic bags, and then kept for 4 months at -20°C.
The use of high resolution peripheral quantitative computed tomography (pQCT) allowed the analysis of the densitometric and geometric parameters of the proximal phalanges in horses. The geometrical properties of the investigated bones were assessed according to the method described by Ferretti et al. (6) . In the examined proximal phalanges, the following densitometric and geometric parameters were determined: bone mineral content (BMC, mg/mm), volumetric bone mineral density (vBMD, mg/cm³), total bone area (TOT_A, mm 2 ), trabecular area (TRAB_A,  mm 2 ), cortical area (CRT_A, mm 2 ), cortical thickness (CRT_THK_C, mm), periosteal circumference (PERI C, mm), endocortical circumference (ENDO_C, mm), and strength strain index (SSI = RP_CM_W, mm³). Tomographic analysis was performed at 15%, 50%, and 85% of the bone length. The study was performed at the voxel size of 0.07 mm and scanning speed of 4 mm/min. The analysed areas were determined by initial scanning (20 mm/s). The threshold coefficient, which differentiates the compact bone from the cancellous bone, was set at 0.9 cm -1 . Statistical analysis was performed with regard to the parameters concerned. As mentioned above, the analysis was conducted for three sections of the bone length. The first stage of the statistical analysis verified whether the data followed the normal distribution. In the case of the features that were not consistent with the normal distribution, the differences between W and C horses were assessed with the Mann-Whitney U test (Z). With the features that followed the normal distribution, differences between the W and C horses were tested with the student's t-test for combined variables. The tables present differences between the parameters for the W and C horses, depending on the measurement area. All calculations were performed with the use of the Statistica 9.0 software (StatSoft, Inc., USA), with P≤0.05 and P≤0.01.
Results
Tables 1-3 present the results of measurements for densitometric and geometric parameters of 30 left pastern bones in the W and C horses. They show descriptive statistics for the assessed pastern bones at 15% of the bone length (Table 1) , mid-shaft (Table 2) , and 85% of the bone length (Table 3) .
Analysis of the results in Table 1 shows, that the highest standard deviation at 15% of the bone length are the features of BMC, TOT_A, and CRT_A. This shows the largest distribution of these parameters between W and C horses. The results presented in Table 2 also show, that at the mid-shaft of the proximal phalanx there are the largest distribution of the parameters BMC, TOT_A, CRT_A, and TRAB_A.
At 85% of the bone length, the greatest standard deviation, and thus the largest distribution between W and C horses as well as at 15% of the bone length, concerns the following parameters: BMC, TOT_A, and CRT_A Next, differences between the analysed parameters in the W and C horses in three sections of the proximal phalanges shaft were verified in terms of their significance. The results are presented in Table 4 . Statistical analysis indicated that at 15% of the bone length, left proximal phalanges differed with regard to TOT_A, TRAB_A, PERI_C, and ENDO_C. At the midshaft, vBMD and ENDO_C differed significantly between the W and C horses. At 85% of the bone length, left proximal phalanges differed significantly with regard to vBMD, while differences between TOT_A, TRAB_A, PERI C, and ENDO_C were highly significant (Table 4) .
Discussion
The bone resistance depends on the densitometric parameters as well as the shape and structural properties of the bone, described as bone architecture (5, 6, 18) . Bone architecture of the proximal phalanges in our study was determined by the assessment of their geometric parameters. Mechanical properties of bones are determined by chemical composition of their organic and non-organic compounds (3), which were assessed in our study by their densitometric properties. One of the most beneficial aspects of pQCT is the possibility of conducting an integrated evaluation of both material and structural properties of the bone tissue through determining strength strain index (SSI), which was performed in our study.
The first important conclusion resulting from our study was indicating the trend showing that the SSI increases with the growth of its geometric parameters. Thus, the bone resistance at 15 % of the bone length was slightly bigger in W horses, in which the total bone area, similarly to the trabecular area measured in this location, were significantly higher. Similar values of parameters such as periosteal and endocortical circumferences were measured on the proximal metaphysis of the proximal phalanges (15% of the bone length). They were also significantly higher in W horses. SSI, which translates into bone durability, increased along with the increase in values of the geometrical parameters.
Similar dependency was shown assessing the geometric parameters of bones and SSI in the vicinity of the distal metaphysis of the pastern bone (85% of length). This time, the bone resistance was slightly higher in C horses, in which the total bone area, just as the trabecular area measured at this location, were significantly higher compared to W horses. Similar values of periosteal and endocortical circumferences were measured at the metaphysis of the pastern bone and they were also significant in C horses. Similar observations were made by other researchers, who compared the geometrical parameters of the radius and tibia in trained and non-trained horses. It was revealed that along with the increase in bone geometrical parameters in trained horses, the durability described by SSI increased too (16) . This was consistent with our observations.
Larger bone diameter results in more peripheral distribution of cortical substance, which increases the bone resistance to bending and twisting strains. For that reason, among bones of the same diameter, the most resistant ones will be characterised by most peripheral distribution of the compact substance. In that case, the cross-section of the bone will be similar to a circle (13) . In our study, the distribution of the compact substance of the bone was determined based on periosteal and endocortical circumferences. The conducted studies revealed that the pastern bones in W horses were characterised by bigger strain resistance on the proximal section (at 15% of the bone length), while the proximal phalanges of C horses were more resistant in the vicinity of distal metaphysis (85% of the bone length).
In our study, we proved that an increase in SSI of proximal phalanges is not correlated with an increase in their densitometric parameters. BMC values in three measurement sections (15%, 50%, and 85% of the bone length) did not significantly differ between W and C horses, while vBMD in W horses was significantly higher at 50% and 85% of the bone length. It did not correspond to the SSI increase, which was slightly higher in C horses at 50% and 85% of the bone length.
Other researchers also examined the positive correlation between an increase in geometrical parameters and SSI and increase in bone densitometric parameters. The influence of strains related to physical exercise on the radius and tibia parameters was evaluated. It turned out that BMC of both bones was higher in the group of trained horses compared to the non-trained ones, while vBMD was significantly higher in non-trained horses. The physical exercise stimulated the architectural adaptation of bones through an increase in geometrical parameters and SSI. At the same time, it did not affect an increase in BMC and vBMD. The possible explanation for this phenomenon is that the strains cause significant increase in bone area, which is accompanied by a very small increase in the vBMD parameter. It results in bone density decrease (16) . Our studies confirmed the above remark because the pastern bones of W and C horses did not show any significant differences in terms of BMC, while the vBMD increase was inversely associated with an increase in geometrical parameters and SSI.
As regards cortical thickness and cortical area, no significant differences between pastern bones of W and C horses within any of the investigated bone sections were observed Other researchers, focusing on the radius and tibia in trained and non-trained horses, also did not observe any significant differences regarding this parameter (16) . The results, derived from examining the radius and tibia (16) , as well as studies on adult rats (12) , confirm that increased strains induce an increase in bone periosteal and endocortical circumferences, and total bone and trabecular areas. However, they do not affect an increase in cortical thickness and cortical area (8, 16, 22) . This phenomenon can be explained by no significant differences regarding the cortical thickness between pastern bones of W and C horses, whose proximal phalanges are subjected to other forces and strains. Some scientists studying the bone remodelling phenomenon, also in literature known as "bone turnover", observed that there are differences in the proportions between the trabecular bone (trabecular area) and the cortical bone (cortical area) in the distal sesamoid bone of various types or breeds of horses (7, 15, 20) . It was found that W horses possess larger amounts of trabecular bone but less cortical bone in comparision to C horses (15) .
The reasons for differences between the geometrical parameters of proximal phalanges in the W and C horses most probably result from differences in types of strains stimulating bones in the horses exposed to different types of activities. The proximal phalanges of W horses are exposed to abrupt twisting strains and abrupt load strains that the thoracic limbs are subjected to during jumps and gallop. The proximal phalanges of C horses are mainly subjected to strains resulting from weight of pulled subject. The differences in reaction to strains, visible in significantly different parameters of these bones in C and W horses, may result from the different roles played by the proximal phalanges in both morphological types of horses. The strains created by cantering and galloping contribute to significant increase in the geometric parameters in the proximal metaphysis (15% of the bone length), which is a bone section prone to proximal epiphyseal area fractures.
Additionally, the study showed that proximal phalanges in W and C horses are significantly different in metaphyseal regions. Total bone area similarly to trabecular area, measured at proximal metaphysis (15% of the bone length) is significantly higher in W horses; however, in distal metaphysis (85% of the bone length) the values of these parameters are significantly higher in C horses. Periosteal circumference, similarly to endocortical circumference, measured at proximal metaphysis of the proximal phalanges (15% of the bone length), were significantly higher in W horses. However, in the distal metaphysis (85% of the bone length), the values of both parameters were significantly higher in C horses.
In comparison to our observations of pastern bones, diaphysis region was most prone to changes of geometrical parameters resulting from strains, as far as the radius and tibia are concerned. Between these two bones, the radius was more prone to changes resulting from training (16) .
It should be emphasised that the results of our study confirmed the concept that every bone reacts individually to the strains it is subjected to. The reaction is related to its location, shape, and function. At the same time, the mechanisms affecting the bone density and microstructure can affect the bone in such a way that profound changes at a given length of the bone occur while the remaining area of the bone does not have any important architectural or density alterations.
The most important differences between proximal phalanges in the thoracic limbs in W and C horses were visible in the proximal and distal metaphyseal regions. It should also be noted that proximal phalanges of the thoracic limbs in W horses at 15% of the bone length were characterised by significantly higher geometric parameters, such as total bone area, trabecular area, and periosteal and endocortical circumferences. However, at 85% of the bone length, the above geometric parameters were significantly higher in C horses. The bones of the horses were more massive and they were characterised by significantly higher geometric parameters of the midbone-shaft, particularly of the distal metaphyseal region, compared to W horses.
In horses, bone modelling process was observed (7, 15, 20) . The phenomenon of modelling the bones, especially the distal segment of thoracic limbs, has been described in details (15) . There is no doubt that as a consequence of the varied uses of horses over many years of breeding, the forces acting on their legs varied as well. This results in different shaped bones in W and C horses, especially with regard to the proportions between the spongy and cortical bones.
